




















$n_{a}$ $n_{b}$ $n_{a}$ $n_{b}$
$n_{b}$ $n_{a}$
$($ $1-(i)$ $)$ .
$n_{x}$ $n_{x}$
Hub ( l-(ii) ). $n_{y}$
$n_{y}$ Authority ( l-(iii) ).



















2 (la) (lb) (A), (B)
(A)
(B)
5, 6 4 (A), (B)
(B)
(A), (B)
(A), (B) $PH$ algorithm Authority Hub
$PH$ algorithm
2 (lx), (ly) (A), (B)
( $1X$)
(ly)









$C=\{c(1), c(2), \cdots, c(n)\}$
$M_{(I)}=\{m_{(I)}(i, j)\}_{1\leq i,j\leq n}$
2. ( I )
(2.la) $M_{(I)}$
(2.lb) $m_{(I)}(i,j)$ $c(i)$ $c(j)$ ( )
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(2.lc) $C$







(2.1) $U_{M_{(I)}[0]}=^{T}(1, \cdots, 1)$ $p_{M_{(I)}[k]}$ $M_{(I)}$ $k$
$k=1$ $p_{M_{(I)}[1]}$
2 $M$ (1) $M$ (I)
$\lambda_{M_{(I)}}$
$r_{M_{(I)}}$
(Perron-Frobenius [2] [7]). $\lim_{karrow\infty}p_{M_{(1)}[k]}\equiv p_{M_{(I)}[\infty]}=r_{M_{(I)}}$
$p_{M_{(I)[\infty]}}$ $M_{(I)}$ $r_{M_{(1)}}$ $M_{(I)}$
$|$
$r_{M_{(I)}}$ $M_{(I)}$
1 $M_{(I)}$ $r_{M_{(I)}}$ 1 $p_{M_{(I)}[1]}$
( (2.1) ) $p_{M_{(I)}[\infty]}$
$r_{M_{(I)}}$ $c(i)(i=1, \cdots,n)$
$M$ (1) $M$ (1)
$C$ Ranking(I)
2.2 $PH$ algorithm
Pagerank Hits $PH$ algorithm ( [5]
). $PH$ algorithm $N=\{n[i,j]\}$
3. $N=\{n[i,j]\}$
(2.2) $n[i,j]=\{\begin{array}{l}1 n_{i} nj 0 otherwise\end{array}$
3 $N$ $PH$ algorithm $PH$ algorithm
- $PH$ algorithm -
$PH$ 1: $N$ $M=\{m[i,j]\}$




$PH$ 2: UA, UH
$U_{A}=TMM$ , UH $=M^{T}M$
$U_{A}$ Authority UH Hub
$PH$ 3 : UA, UH $l_{1}$ -norm VA $=\{v_{A}[i,j]\}$ , VH $=$
$\{v_{H}[i, j]\}$
$PH$ 4: VA, VH 0 1
$V_{A_{1}}=\{v_{A_{1}}[i, j]\},$ $V_{H_{1}}=\{v_{H_{1}}[i, j]\}$
$PH$ 5: $V_{A_{1}},$ $V_{H_{1}}$ $c,$ $0<c<1$ (2.4)
$V_{A_{1}}’,$ $V_{H_{1}}’$
(2.4) $V_{A_{1}}’=(1-c)\frac{1}{n}E+cV_{A_{1}},$ $V_{H_{1}}’=(1-c)\frac{1}{n}E+cV_{H_{1}},$ $0<c<1$
$PH$ 6: WA, WH
$W_{A}=^{T}V_{A_{1}}’$ , WH $=^{T}V_{H_{1}}’$
$PH$ 7: WA, WH
$r_{W_{A}},$ $r_{W_{H}}$
2.2.1
$PH$ algorithm $PH1\sim PH$ 5 $PH$ 1 $k$ Authority,
Hub $n_{i}$ $nj$ 1
1. (Authority ) $V_{A_{1}}’$ $i$ $v_{A_{1}}’(i)$ , $i$
$v_{A_{1}}’(j)$ $rA(i,j;k)$ Authority $n_{i}$
( )
(2.5) $r_{A}(i, j;k) = \frac{v_{A_{1}}’(i)\cdot v_{A_{1}}’(j)}{||v_{A_{1}}’(i)||_{2}||v_{A_{1}}’(j)||_{2}}$
(. $||||_{2}$ $l_{2}$ -norm )
1 $\{rA(i,j;k)\},$ $(1\leq i,j\leq n)$ $[i,j]$ $R_{(A;k)}$ Au-
thority 1 (2.5) $rA(i,j;k)$
$v_{A_{1}}’(i)$ $v_{A_{1}}’(j)$ $\theta$ $\cos$ $\theta$
$n_{i}$ $nj$ Authority






3. $PH$ 1 $k$ $rA[i,j;k]$
Hub $\ovalbox{\tt\small REJECT}$ $n_{i}$ $nj$ $r_{H}[i,j;k]$ Authority
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2. (Hub ) $V_{H_{1}}’$ $i$ $v_{H_{1}}’(i)$
$r_{H}[, j;k]$ $n_{i}$ $nj$
(2.6) $r_{H}[i,j;k] = \frac{v_{H_{1}}’(i)\cdot v_{H_{1}}’(j)}{||v_{H_{1}}’(i)||_{2}\sqrt{}|v_{H_{1}}’(j)||_{2}}$
(. $||||_{2}$ $l_{2}-$norm )
2 $\{r_{H}[i,j;k]\},$ $(1\leq i,j\leq n)$ $(i,j)$ $R_{(H;k)}$ Hub
Authority Hub 2
4. Hub $n_{i}$ $nj$ $n_{i}$ $nJ$ (
)
$0\leq rH[i,j;k]\leq 1$
5. $PH$ 1 $k$ $rH[i,j;k]$
$PH$ algorithm $PH$ 6 $W_{A},$ $W_{H}$ $[i,j]$ $n_{i}$ $nj$
$PH$ 7
2.1




$PH$ algorithm Authority Hub
Authority $D_{A}$ , Hub $D_{H}$




$n_{i}$ $A_{i}$ $P(A_{i}),$ $(i=1, \cdots, n)$ 1
$nj$ $B_{j}$






Authority $PH$ algorithm $R_{(A;k)}$
$rw_{A}$ Authority DA
$R_{(A;k)}$ $r_{A}(i,j;k)$ $n_{i}$ $nj$ $n_{i}$
$n_{i}$ %
$n_{i}$ $W_{A}$
$n_{i}$ ( 6 ). $n_{i}$
$n_{i}$
$n_{i}$ $(1\leq j\leq n)$ (
)
$n_{i}$ $n_{j}$ (the degree
of connection of $n_{i}$ to $n_{j}$ )
(3.2) $P_{A}(B_{j|A_{i})}=\frac{1}{\sum_{=1}^{n}r[i,j;k]}r_{A}[i,j;k], (1\leq i\leq n)$
(3.1) $P(A_{i})$ $n_{i}$
$W_{A}$ $r_{W_{A}}=^{T}(r_{W_{A}}(1), \cdots, r_{W_{A}}(n))$
(3.3) $P_{A}(A_{i})=\frac{1}{\sum_{i=1}^{n}r_{W_{A}}(i)}rw_{A}(i) , (1\leq i\leq n)$





$P_{A}(A_{i})$ $n_{i}$ PA $(B_{j}|A_{i})$ $n_{i}$ $nj$
$P_{A}(A_{i}, B_{j})$ Authority( )
$n_{i}$ $nj$ $(n_{i}0arrow nj$
$)$
$P(A_{i})$
$n_{i}$ ( (3.2a) ), $n_{i}$
$nJ$ ( (3.2b) ) $n_{i}$ $oearrow nj$
3.3 Hub
Hub ( ) $PH$ algorithm
$R_{(H;k)}$ rw Hub $D_{H}$
3.2 $\{A_{i}\},$ $\{B_{j}\}$
PH $(B_{j}|A_{i})$ , PH $(A_{i})$ $\{A_{i}\},$ $\{B_{j\}}$ PH $(A_{i}, B_{j})=$
$P_{H}(A_{i})$ PH $(B_{j}|A_{i})$
(3.4) $P_{H}(B_{j}|A_{i})=\frac{1}{\sum_{j=1}^{n}r_{H}[i,j;k]}r_{H}[i,j;k], (1\leq j\leq n)$
(3.5) $P_{H}(A_{i})=\frac{1}{\sum_{i=1}^{n}rw_{H}(i)}7W_{H}(i) , (1\leq i\leq n)$
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$ni\infty m(i) :j\prime\backslash .$
2: Authority Hub
PH $(A_{i}, B_{j})$ Authority Hub( )
$n_{i}$ $nj$ $(n_{i}\cdotarrow nj$
$)$
3.4 Authority Hub
3.2 $P_{A}(A_{i}, B_{j})$ 3.3 PH $(A_{i}, B_{j})$
Authority DA Hub DH PA $(A_{i}, B_{j})$ , PH $(A_{i}, B_{j})$
TA, TH
(3.6) $T_{A}=\{t_{A}[i,j]\}=\{P_{A}(A_{i}, B_{j})\}, T_{H}=\{t_{H}[i,j]\}=\{P_{H}(A_{i}, B_{j})\}$
(3.6) TA, TH
$\{\begin{array}{ll}\sum_{i,j=1}^{n}t_{A}[i,j]=\sum_{i,j=1}^{n}t_{H}[i,j]=1 \max^{n}t_{A}[i,j]=t_{A}[i, i]j=1’ \max^{n}t_{H}[i,j]=t_{A}[i, i]j=1’ (i=1, \cdots, n)\end{array}$
$\{t_{A}[i,j]\},$ $\{t_{H}[i,j]\}$ Authority DA Hub
DH
- Clustering Algorithm -




$\{\begin{array}{ll}\{t_{A}[i,j]\}_{i\neq j} . . . n_{i}rightarrow nj\{t_{A}[i, i]\} . . . n_{i}\circ\{t_{H}[i,j]\}_{i\neq j} . . . n\iotarightarrow nj\{t_{H}b,j]\} . . . nj.\end{array}$
$\{t_{A}[i,j]\}$ $\{t_{H}[i,j]\}$ 2
$CL$ l 2
(i) 2 2(ii) Authority
($D_{A}$ ) Hub ($D_{H}$ )
2(iii) Authority Hub
(ii) 2 Authority Hub
$D_{A}^{(1)},$ $D_{A}^{(2)},\cdots$ $D_{H}^{(1)},$ $D_{H}^{(2)},\cdots$
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$n_{\alpha}$ $n_{\alpha}\in D_{A}\cap D_{H}$ $n_{\alpha}$
DR $=D_{A}\cap D_{H}$
$CL$ 2: (3.4c) (3.4d) $n_{y}$ $CL$ 1
( ).
(i) $n_{x}\in$ DA $n_{x}$ $n_{x}\mapsto n_{y}$ $n_{y}\in D_{H}-$ DR
$n_{y}$
(ii) $n_{x}\in$ DH $n_{x}$ $n_{x}rightarrow n_{y}$ $n_{y}\in D_{A}-$ DR
$n_{y}$
$CL$ 2-(i), (ii) $n_{x}$ $n_{y}$
Authority Hub 2
$n_{x}$ $n_{y}$
$CL$ 3:( 1 ) $CL$ 2 $\{t_{A}[i,j]\}$ $\{t_{H}[i,j]\}$
2 $CL$ 1
$CL$ l $\sim CL2$ DA DH $CL$ 3
$CL$ 3 Authority Hub lAuthorith
( $D_{A[1]}$ ), lHub ($D_{H[1]}$ ) $CL$ 1 $-b^{\backslash }n$ $n_{z}\in D_{A[1]}\cap$
DH[1] $n_{z}$ 1 $D_{R[1]}\equiv D_{A[1]}\cap$ DH[1]
1
$CL$ 4: Authority Hub Relay
$CL$ 1 $CL$ 3




DA, $D_{H},$ $D_{R}$ (Bottom stage)
Bottom
stage















$TR$ 1: $D_{R}$ $D_{R}=$ DA $=$ DH $D_{R}$
$TR$ 2: $n_{x}$ $n_{x}$
$n_{x}$ ( 3-(a) ).
$TR$ 3: $n_{x}$ $n_{x}$
$n_{x}$ ( 3-(b) ).
$TR$ 4: $n_{x}$ 2
(i) $n_{x}$ $A$ $n_{x}$
( ) $n_{x}$ $A$
( 3-(c) ).
(ii) $n_{x}$ $B$ $n_{x}$
( ) $n_{x}$ $B$
( 3-(d) ).
(iii) (i), (ii) DA, $n_{x}$ , DH 1 (Thansitive
union set : TNS) 3-(e)
$TR$ 5: $n_{x}$ DH, $D_{A}$ $TR$ 4-(i)
DA, $n_{x}$ , DH 1 (Output union set:OUS)
3-(f)
$TR$ 6: $n_{x}$ DH, DA $TR$ 4-(ii)
DA, $n_{X}$ , DH 1 (Input union set :IUS) 3-(g)



















5 $n_{1S},$ $n_{17},$ $n_{7}$ 1







( (4a) ) 1
Bottom stage $D_{A}^{(4)}$ $D_{H}^{(1)},$ $D_{H}^{(3)}$
$DR$
)
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